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ASSESSMENT OF A RADIOACTIVE WASTE DISPOSAL SITE AT

ENEWETAK ATOLL
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Abstract—The 43 nuclear tests conducted at Enewetak Atoll by
the United States between 1948 and 1958 produced close-in
fallout that contaminated the islands and lagoon of the atoll
with radioactive fission and activation products, and unfis-
sioned nuclear fuel. In 1972, the U.S. government announced
that it would conduct a cleanup and restoration operation to
return the atoll to the Enewetak people. The radiological
cleanup began in 1977 and lasted to 1980 and focused on
reducing the concentration of the transuranium elements
~2.!K,2.39,2411puand ‘q’Am = TRU) in soils on some of the islands
that might eventually be used for residence or for subsistence
agricultural. The cleanup plan called for relocating soil and
some other contaminated debris to Runit Island on the eastern
perimeter of the Atoll. Some of the contaminated soil was
mixed with cement and the mixture placed below the water
level in the Cactus Crater that was formed by a nuclear
explosion in 1958. The remainder of the contaminated material
was mixed with concrete and placed above ground over the
crater in the shape of a dome. A concrete cap was constructed
over the dome of soil. Concern has been expressed by the
people of Enewetak and by others over the possible aquatic
impacts from the radionuclides entombed in the crater. A
National Academy of Sciences committee examined the dome
and concluded that tbe containment structure and its contents
present no credible health hazard to the people of Enewetak,
either now or in the future. The committee suggested that “at
least part of the radioactivity contained in the structure is
available for transport to the groundwater and subsequently to
the lagoon and it is important to determine whether this
pathway may be a significant one.” Therefore, a surveillance
program was started in 1980, in conjunction with other
research efforts, to study the radionuclides in samples of fish,
groundwater, and lagoon seawater. Our data and conclusions
support the findings suggested by the National Academy
committee over a decade ago in that any assumption of rapid
remobilization of all or any of the dome’s transuranics or other
radionuclides is an extreme one. Any fear that this structure
contains amounts of activity whose release would cause dam-
age to the environment that will result in greater effect on
human health is unfounded.
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INTRODUCTION

THB 43 nuclear tests conducted at Enewetak Atoll by the
United States between 1948 and 1958 produced close-in
fallout that contaminated the islands and lagoon of the
atoll with different amounts of radioactive fission prod-
ucts, activated products, and unfissioned nuclear fuel,
Quantities of concrete, metal debris, cable, bunkers,
buildings and other miscellaneous materials. some con-
taminated and some not, were also abandoned at the
Atoll after the U.S. testing progrtim finished. In addition
there were U.S. non-nuclear programs between the years
1958 and 1972 that also modified the landscape on some
islands of the Atoll.

Enewetak Atoll is located in the Equatorial Pacific
Ocean at approximately I 102 I ‘N and 162°21 ‘E in the
northwestern portion of the Republic of the Marshall
Islands. The islands of the Atoll are shown in Fig. 1 along
with the location of the major nuclear craters. The
Marshallese name for each island and two large coral
heads are also shown. U.S.-assigned names for the
islands during the testing period are given in parenthesis.

In 1972, the U.S. government announced that it
would conduct a cleanup and restoration operation to
return the atoll to the Enewetak people. Planning for the
cleanup extended from 1972 to 1977. The final project
was conducted as a series of concurrent tasks between
May 1977 and April 1979. It involved several depart-
ments of the federal government with the Defense
Nuclear Agency (DNA) responsible for cleanup activi-
ties. The radiological cleanup concentrated on reducing
the surface soil levels of the transuranium elements
~23x.?3~),240Pu and ‘41Am = TRU) on some of the islands
that might eventually be used for residence or the
growing of subsistence agricultural products. The justi-
fication for basing the cleanup on transuranic criteria can
be found in the description of planning efforts, cleanup
operations, and radiological guidelines in Defense Nu-
clear Agency and Department of Energy documents
(U.S. DNA 1981; U.S. DOE 1982). Other miscellaneous
debris and radioactive material frolm test-day burial sites
were also identified for removal. Only the quantities of
transuranics were measured during field operations, but
soil relocation also involved moving undetermined
amounts of long-lived fission and activation products
associated with the carbonate soil.
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indicaled

The cleanup plan called for collecting and transport-
ing the soil and other contaminated debris to Runit Island
on the eastern perimeter of the Atoll. The contaminated
soil was mixed with cement and the mixture placed
below the water level (tremie method) in the Cactus
Crater that formed during a 1958 nuclear explosion on
the northern tip of the Run it reef. The 10-m-deep crater
was filled to the low-tide level by this method. Above the
water level. the contaminated soil was blended with
cement using a disc-harrow. Water was applied and the
mixture was compacted. Some solid objects were added
to the above ground slurry. A dome-shaped mound of
contaminated material was thereby formed over the
crater, A central “donut” hole was left in the center of
the dome and eventually filled with soil and debris
removed from other locations on Runit Island. The
mound was finally covered with concrete panels to
form a cap over the contents. The crater was sur-
rounded by a concrete key wall to reduce scouring and
undermining by wave action. A report on the radio-
logical cleanup of Enewetak Atoll (U.S. DNA 1981)
provides a detailed account on the construction and
filling of the dome during cleanup.

The structure is referred to as a waste disposal site
since it covers material conttiminated with quantities of
long-lived rddionuclides. There have been many expres-
sions of concern by the people of Enewettik and by others

over the possible aquatic impacts from the radionuclides
entombed in this disposal site. The people are convinced
that it must be one of the most dangerous places at the
Atoll since the United States spent millions of dollars to
contain radioactive material under the domed struc-
ture. It is imagined that if leakage were to occur, many
mtirine resources would be affected. News segments
recorded on film and shown on television in the 1980’s
helped to establish a fear and concern about this
disposal site.

In 1980, the Defense Nucle~r Agency requested the
National Research Council of the U.S. Ntitional Acad-
emy of Sciences to establish a committee of experts to
evaluate the “effectiveness of the Cactus Cr~ter structure
in preventing harmful amounts of radioactivity from
becoming available for internal or externtil human expo-
sure.” In a report published in 1982 (NAS 1982), the
committee concluded that the Cactus Crater containment
structure and its contents present no credible health
hazard to the people of Enewetak, either now or in the
future. However, there were issues related to the perme-
tibility of the tremie concrete. There were sections in the
tremie that were in free communication with the ocean.
This led the committee to suggest that “tit least part of the
radioactivity contained in the structure is available for
transport to the groundwater and subsequently to the
lagoon and it is important to determine whether this
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pathway may be a significant one.” Therefore we initi-
ated an environmental surveillance program in 1980 to
study the radionuclides in samples from the vicinity of
the dome. This included the collection, processing and
analysis of samples of fish, groundwater, and lagoon
seawater. Samples were taken until 1984 when the
program was terminated.

Subsequent to the cleanup there were data from
comparable samples collected from Runit and other
islands of the Atoll in support of other research activities.
Comparison of the pre- and post-cleanup data indicated
that there was no adverse radiological impact on the
environment from the radionuclides contained in the
Cactus crater structure. All aquatic data generated during
the period appeared in U.S. Department of Energy
progress reports and has not been previously published
outside this report. During the 1990’s, we again collected
samples to assess what, if any, changes in radionuclide
concentrations occurred during the intervening years.
This document examines the present and past concen-
trations of plutonium and other radionuclides at the
Atoll and in the immediate environment of the dis-
posal site. Published and unpublished concentrations
measured in aquatic environmental samples (seawater,
sediment, species of fish, groundwater) collected be-
fore filling the crater are compared with levels in
corresponding samples collected after the crater was
filled. The concentration of plutonium and other ra-
dionuclides measured in the material filling the crater
and found above ground level under the dome is summa-
rized. Implications of all results that relate to the disposal
site on Runit Island are discussed.

METHODS

The majority of results from samples discussed in
this report were generated over the last three decades.
Field and laboratory personnel changed during this pe-
riod, but collection methods, sample processing, and
radiochemical procedures did not significantly change.
Therefore, previously published documents adequately
describe field collections in the Marshall Islands and
the analytical techniques used at Lawrence Livermore
National Laboratory for analysis and data reduction.
Collection and processing sea and ground-water may
be found in Marsh et al. (1975); Noshkin et al. (1976);
Marsh et al. (1978); Noshkin et al. (1981 b); Noshkin et
al. (1974); and Noshkin et al. (1987). Collection,
description, and analysis of parts of different species
of fish are found in Noshkin et al. (1981a) and
Noshkin et al. ( 1988). Sediment collection, processing,
and analysis are given in Nelson and Noshkin ( 1973)
and Noshkin ( 1980). It will not be possible to list the
many results discussed in this report. Only summaries
of available data will be shown in the Tables and
Figures appearing in this document.
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RESULTS AND DISCUSSION

Radiological conditions Runit Island prior to
cleanup

Runit (Yvonne) Island, identified in Fig. 1, is
located on the eastern perimeter of the Atoll. The island
and the adjoining reef were used for several nuclear tests
(4-surface; 5-tower; 1-atmospheric), and 8 more devices
were detonated on barges located off-shore of the island
in the lagoon. It was the most severely radiologically
contaminated island at the atoll. Barges for seven of the
tests were anchored in the lagoon from 170 to 1,200” m
offshore the island. During the 1958 Quince test on
Runit, only the high explosive component of the device
was detonated. This resulted in scattering the plutonium
nuclear fuel over a large area of the island. To prepare for
the Fig event, scheduled 12 d later in the same location,
3 to 5 inches of the plutonium contaminated soil was
bulldozed from the site and disposed of in the lagoon
immediately offshore the center of the island (U.S. DNA
198 I; U.S. DOE 1982). The transuranics resulting from
the barge events and the bulldozing operations were
identified in the near shore sediments and quantified
during a 1972 radiological survey (Nelson and Noshkin
1973). These results show that the mean quantity of
TRU’s distributed over the surface sediments (to a depth
only of 2.5 cm) in a 0.7 kmz region extending ().8 km
lagoonward of the island is about 64 GBq. The mean
concentration and inventory of the transuranics in the
surface sediment offshore Runit and in the entire lagoon
(Nelson and Noshkin 1973; Noshkin 1980) is summa-
rized in Table 1. The lagoon sediment contains the
largest reservoir of plutonium at the Atoll. These sedi-
ments are exposed to the bottom waters of the lagoon tind
the radionuclides are remobilized continuously to the
hydrosphere from the sedimentary source term. Mean
water concentrations of plutonium measured in the la-
goon over time are shown in Table 1. These data
demonstrate that remobilization is occurring from the
sediments to maintain an inventory of plutonium in the
lagoon water mass decades after testing. At Runit, the
plutonium in the near shore sediments is also mobilized
and measured in seawater and has been available for
uptake by near shore organisms for many years (Nelson
and Noshkin 1973; Noshkin et al. 1974; Noshkin et :11.
1976; Noshkin 1980; Noshkin et al. 198 la).

Radiological conditions at Cactus Crater subsequent
to cleanup

Cactus Crater was formed in May 1958 by the 18-Kt
Cactus event detonated on a manmade extension of Runit
island on the lagoon side of the reef. Cactus Crater in the
foreground and LaCrosse Crater with the ocean in the
background are shown in Fig. 2a at a time before
cleanup. The test produced a crater roughly I I2 m in
diameter and I () m deep. When the device exploded,
some of the pulverized material fell back into the crater
so that the original hole was deeper than I() m. Quantities
of different radionuclides are distributed non-uniformly
throughout the sediment sampled in the 10–1 5-m-thick
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Table 1. Tr;nlsurunic radionuclide ktgc)on seditnent and pluloniunl wtiter colunln inventories. Sedinlent ;ind water dtitti
t’ronl Noshkin ( 1980); Noshkin et al. ( 1987).

Sedlnlen[ c{IncenlIiItIc)II\

Encwc[ak Atoll (:~rc:],1)33 LI112) 2‘<’‘ “(’I’LL ‘ “PU 24’AIII Total TR U“

Are~ll ac[ivil} to 2.5 cnl depth (GBq knl 2, q,,) I .4 3.() 14,3
T{~[tilto ?,5 cnl depth (GBq ) 9,200” 1,300” 2,800” 3,300”
Tot;il L() 16 c]]) c!cp[h (GBq)” 44,()()() (j,zoo” 17,600” 67,800”
Region to ().7 hnl oltshorc Runit ((),86 hlllz)
A real ticlivily (c) 2,5 cnl LJcp[h (GBq Ln] 2, 50.5 14.1 5.7 76.3
Total (() 2,5 c[n depth (GBq) 47.5 11,9 4,8 64.2
Total [(I 16 cn] depth (GBq)” ~~5 57 30 3[2

A\cra:e 21,1 I24(1Pu Iugt)on wutcr conccn[r~ltion(Bq In ‘)/in\entory (GBq )
(bnewe(ak Lagoon” areo 933 knl~; n)ean Lteplh ().(M9 kn])

Concentrd[ion To[al
Dtite [)t collccti{)n Nunlher of \alllPies Soluble pilr[iculti(e Tot;]] inventory

October-Decenlber 1~)72 35 ().8 I ().3 1.18 53.9
July 1974 71 ().93 ().7() 1.63 74.5
May 1976 ~(] ().59 ().4X I.07 48.9
MLiy 198? 23 ().6.? . —~

“Core s~unplc\ collected t~vcr (hc Itigoon in 1972 and 1977 showed only ?I f 11’1 (~fthc plutoniunl and lo t 67{ ot’~41Anl in the
sedin]cnt c{~lun]n arc ~l\sociti(ed with [hc \urlace ?,5 cn] surtilcc Itiyer. ‘1’hcsc \:tlucs :(ICas\unled rcpre\etltati\,c t’[~rscdinlent ;inywhcre
in the lagoon toc\linliitc inicnt(~ries to 16 cn] t’riIm Inctiiurccl Surlticc c(~nccntr;iti[)n~ (Noshkin 1980).

‘Totiil trtiniul-ilnics (z’~pu + ‘q<’’24”Pu + ‘AIAn))
LPtirticulutc phase II(I1nlctiiurcd.

Fig. 2a. Cactus cra[er in foreground with LaCrosse crater und (he ocean reef in the background at a titne before cleanup

activities.

fallback zone of altered carbonate material (Ristvet et al. 3.3 X 104 m] but could hold up to 4.4 X 104 ms of water
i 978). The crater resembled a spherical segment with a during periods of highest tide. The total surface area is
flat base and had an average volume at meun sea level of approximately 6,900 mz, of which only an estimated
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2.060” Inz were covered with scdinlcntary dcpc)sits. The
renlaining upper slopes were littered with rock rubble
although son~e are~s c~t’the wall did have thin vcnccrs of
coarse sand. Much of’ the surrt)unding rock is heavily
fissured fronl events detonuted nearby. ‘[he nlajority of
the crater rinl is on IJnd. but about a quarter c)t’the custern
circunlfcrence was open tc) pel-nlit exchange of” water
between the cruter and t)cetin during periods of high tide.
Circulation of scuwutcr in the region is directly tiffected
by the windward crc)ss-reef currents.

The gr~)undwoter in the area inllnediately southeast
of the crater tlows generally s{)uthwcst into the Ioguon
(N~)shkin et al. 1976). Dye tracer studies (Marsh et al.
1978) shc)wcd that n~ost of” the wuter I{)st fron~ the craler
is by uvertlow during periods of” high tide. The w~tcr
cventudlly tlows int[> the lagot~n through u brctik in the
land cxtcnsic)n son]c 400 n] northwest of” the cruter
(N{)shkin 1980; Marsh ct al. 1978). The dyc studies uIs()
showed thot only snl~ll anlounts of crater wtitcr enter the
island’s groundwuter or t’luw subterranctinly into the
lagoon.” The residence tinlc of’ the water in the crater wtis

a t’unction 01 the tidal range and could bc predicted tor
any period with uvailablc tide datti. The nlctin rcsidtncc
tithe of the water, uveruged over a nlc)nth. was abt)ut
2.6 d (Mtirsh et u]. 1978).

Plutoniunl and t)thcr radi{)nuclidcs were supplied to
the crater wuter by three processes: transportation” of’
sonic quuntitics were associated with surface ocean water
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advecting {)vcr the reel; release to the bottonl intcrstiti~]
w~tcr occurred fr~)nl the conttin~intitcd bt)ttunl sedinlcnts
ut’ the ftillback ~onc; ~nd by intcractic~ns involving

rcsus~cnded bt)ttt)nl scditllents with the crater wattr.
The latter tw{) n~cchanisn~s contributed nlost of the

plutc)niunl rtidi~)nuclidcs tu the cr~tcr wtitcr co]uinn.
13ctwcen Janui,try 1975 and May 1977. 27 sctiwutcr
sanlplcs fronl different depths in the crater were {)bttiincd
for radionuc!idc antilysis. Ttiblc 2 sunlnlarizes the nlL!an

““‘ 24’)PU, ‘-’7CS,concentrations” tor ‘- ‘)”Sr and S values
[Unlc)unt of” ‘“x Pu to total plutt)niunl (Z’x’ ~-”)’ ~J(’Pu)
alpha activity ] in tlltcred wutcr and ptirticulatcs fr~)nl
depths in the crater. Filtered interstitial water and short
scdinlent cores were sunlpled between 1974 tind 1977.
Concentrations in these san~plcs ~re alsu shown in Table
2. With the cstinlatcd exchange rate und $iz.e of the
plutoniutn scdin~ent rcscrtt)ir it is cstinlated that I I.5
MBq ot”~~” {‘“) Pu and tippr~)xilllu(cly halt’ this tinl~)unt of
: lXPU is annually relcuscd fr{)nl the crater b~)tt~)n~sedi-
nlcnts. This plut(lniunl nlixcs with the setiwtitcr tilong the
reel and subseyucntly nlerges with the inventory corl-
[aincd in the l~g[)OII w~tcr I)lJSS. The crater s~)urcc
ct)ntributcd about ().()3CA tu the unnual tivcragc Itigoon”
water (soluble) inventory of 2‘“ { 24’)pu (SCC Table l).
Filling the crtitcl- with solid debris and closing the access
of ocetin wuter {>n the etistern perilnetcr during cleanup
was an effective n]eans of elitninating this snlall contri-

Table 2. Concentrdti(ms of radionuclides in c:lcttrs crtiter wa[cr. \edimcn[, tmd in(el-stitiul water S:II]]IJICS CtJllCCICd
hctwcen February 1974 find May 1977 prior to clc:mttp :lctivities.

Mc2m ct~ncenlra{ifjn 01 s(nne r:]dionuclidc~ in I’iltcrcd ~vlitcl 2u111ptlrticul~llc s:lnq>lc~ (13q m ‘).

Solulion P,irticulit(c S(llll(ioll P,ir(i~.ulille S(lIII(IOI1
2]” ‘ 2’(’PU .s V:iluc” ‘ ‘<’‘ 2’(’PU .s \’Ltluc” ‘ “[. ‘4 ‘ Am ““s1

klc:In \urt’~tcc wa(cr 2.fr t ().7 ().32 J.() + ~,1 ‘- “-() .1.1 x.() + 2,() ..15
hlcLIn nlid-dcplh (4.5111) 32+1. I ().33 4.2 + I .3 ().33 X.1 + 1.X
N[c:ln holl{)m (9 [11) W;itc[ 3.() t 1.7 ().33 1(>.1+ 8.() ().33 X.() ‘ 2,5

Nlc:m cr:]lcr R filer 3.2 + 09 ().33 8.3 : 5.1 ().3.? X.(1 - I).() - I 17.() + 3.()

(27 \;unplcs 101-plutonium)

C(mcentrtilion 01 ‘ ‘<”24”PU ;InLI‘“C\ in lntcl\(ititil sed)n)cnl pOICW:i(cr(Bq In ‘).

: “’ 2“’1’11 .Svlluc ‘ ‘ ‘c\
~g ~lil) ]977 outgc)ing tide 8 x + 04 () 35 101 + 1.3

outg{ling Iidc 8.5 “ ().5 ().34 8.3+ 1.1
30 hlay IY77 L(J\\ (ide 12,3 * (),() _(),34 7,7 + ().4-..

Aver,igc
—

yy~~] 034 x.7 + 1,2

Concentnltjon 01 some Itidionuclidcs in cl-~~tclb(~t(om .edimen( (Bq g dry \$~.)

23” 2’(’PU ,Sv:lluc “c~ 14‘/\n)
Collcclcd 212174

()--5.7 cn] surt’:ice \ection 3.04 t ()07 (),35 ().4(>t ()04 ().34 + ().()7
5.7. I 1.4 cm sectmn 2.93 + (), 19 ().3s ().52 + ().[M (),39 + ().()7
I I .4– I7.2 cm \eclit)n 3.74 + ().2(> ().35 (1.50 + ()()4 1).3~)+ ().()7

Collcclcd 4/20/76
(). ? cn] .url’,icc t’inc I’I .ic[ic)n 3,X5 + () 15 ()..14

().. 2 CIII surlilcc ccliir\c t).lcll(~ll 1.3s + ().12 ().33

4-(I cn] tine Iriictitn] ~ccli{l]i 3,20 + ()..+? (),.1?

4–(I CIII c[)tiric lrilct ion ~ccli{]n 2.4(1 ‘ [).25 ().3()

I 1> I 4 cm t’inc I’t:icti(ln 40(1 t ().32 ().35

I ()-14 CIII course I’r:iction \ccti~)n 2.X2 + ().2X (1 3~)

‘i .s V’lluc J “PLI 10 [~)l:tl plult~i]iunl ;tlph:i :iclil il} ]:i(ii).



bution of plu(oniunl iInLJ other r:ldit)nuclidcs to [hc
lagoon Water.

with the subterriinc:Ln grc)undwater. A central “donut’”
Ilt)le was left in the s~)il donle. This space was reserved
pri nltiri Iy fc)r debris translocatcd fronl other purts of
Runit Isl:ind, Atter the h[~lc was tilled with soil and {)thcr
debris. the 46-cn~-thick concrete cap or donlc was con-
plctcd. A licw taken over the ltig~)on ot’ the donlc in the
tin:d stages of the cleanup oper~iti{)n is shown in Fig. 2b
with LaCr{)sse Crater and the {)ccan reef in the b~ck-
ground.

The Unl{)unt {)f soil and TRU’s transferred both to
the cr:ltcr und placed tibc)vc ground under the donle tire
tibstracted fr~)n~ clean up records (U.S. DNA 19XI ) and
shown in Table 3. Table 3 Lilso provides the quantity of
soil and TRU’S rcnloved tronl the different islands. Only
24(1 of the tt)tal TRU was buried belt)w ground level in
the cr~ltcr while the renluining activity is ~ssoci~ited with
nl:Ltcrial placed tib(~ve the wuter level under the dc)nlc.
Usitlg a dry weight soil density ot” 1.29 g cnl ‘] (U.S.

DOE 1982), the average soil TRU cc)ncentrati{)n in the
undi]uted cr:itcr fill is c~)nlputcd frc)nl the Liatu in Table 3
{{)be 2.4 By g 1. Table 2 shows th:lt the tc)t:d TRU in the
surl’uce 17 cnl ot bottonl” scdin~ent t’ronl the crtitcr
s:inlpled in 1974 wds ~ibc)ut 4.7 By g 1. This is nearly
twice the c{)ncentr:ltion in the nlaterial USCLIto t’ill the
cr:ltcr. Thcrci’~)re. if lc~lkage were to occur into the
grt)undwater I’rc)nl the till, it would be difficult t[) detect.

There should be less TRU nl~)bilizcd to solution” fronl the
fill than w~is previc~usly n)obilized frc)nl the crater bottt)nl
scdinlcnts tind found in the cr:ltcr w:ltcr (shc)wn in Ttiblc
2) before 1977.
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Table 3. TRU activity and volume of soil excised tind placed in
Cactus Crater and under the dome on Runit Island.’i

TRU Activity Soil removed (nl’ ) to

I\land GBq Crater Dome

A[,m(m (Sally) 48.1 8,100” ()
Aomon Crypt (Sally) 33,3 342 7,130
Boken (Irene) 37.() ~~~ 3,450

Enjehi (Jtinet) 96.2 ~~,~go 7.633

l.uj(lr (Pearl) 63.() () 11,415
Runit (Y\(jnne) 267.4 () 8,210’”

Total 545’ 41,654 37,X3X

“ Data t’rnm DNA 1981.
“ Mo\I acti\ity and \oil in centml dmlut hole under dnme.
‘ TRU c,timated in Crater 13 I GBq.
‘ TRU estimated in Dome 147 GBq without amnurrl in Dtmu( hole and414
GBq including amount in Donut Hole.

Approximately one-half of the total inventory of
TRU now under the concrete dome originated from only
5 northern islands. The remaining material was surface
material translocated from one or more areas on Runit
and dumped above ground in the crater donut hole. The
amount of activity moved to Runit from the 5 northern
islands is comparable to the inventory of TRU already in
the lagoon sediments to a depth of 16 cm in the ().86 kmz
area off-shore the island (see Table I). Comparison of
values in Tables 1 and 3 also shows that the inventory of
the TRU’S in this waste disposal site is equivalent to only
0.8% of the total TRU inventory in the lagoon sediment
to a depth of 16 cm. Therefore, if the contents were to
find its way into the lagoon, the inventory of the TRU’S
in the local area, and especially in the entire lagoon,
would not change by any significant amount and no
unacceptable hazard would result (NAS 1982) if such a
catastrophic event was ever to occur.

Results from the 1980 National Academy study
In March 1980, members of the National Academy

of Sciences committee visited the Atoll to conduct a
series of sampling and observations at the dome. Tests
included taking solid core samples from holes drilled
through the soil-cement and tremie fill. Three holes were
drilled through the third concrete ring from the top.
Material from the center “donut” hole was not sampled
during these tests. Water samples were also taken from
two different levels in one drill hole from below ground
level in the zone of incompletely cemented tremie
concrete. In the tremie zone there was relatively free
communication with the groundwater (NAS 1982). The
soil-cement above the water level also did not achieve the
concrete-like character that was anticipated. The cores
from the bore holes were sectioned and the material from
different depth intervals was described. Sections were
then analyzed by gamma spectrometry, and the tran-
suranics and ‘)OSrwere determined following radiochem-
ical separation (Robison and Noshkin 1981). Table 4
shows a description of the material encountered at depths
in the different zones of the structure along with the
concentration of 23’)‘-240Pu measured in sections of the 3
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cores. Concentrations of the radionuclides measured in
the filtered water stimples and the particulate are shown
in Ttible 5. The description in Table 4 shows there is
poorly cemented soil in both regions under the dome, and
there also appears to be considerable amounts of debris in
the fill, other than soil. Ttible 6 lists the mean concen-
trations for the principle radionuclides measured in the
samples from the tremie section below ground and from
the soil-cement region above ground under the dome.
These mean values are developed from the core data in
Robison and Noshkin ( 198 I ). The mean concentration of
the TRU shown in Table 6 is approximately 3–4 times
less than the soil concentration expected from the results
shown in Table 3. However, this difference should not be
considered unreasonable since the estimates of radionu-
clide concentrations made during the cleanup are not
likely to be very accurate (NAS 1982), and the dilution of
the soil concentrations with the uncontamintited cement
(estimated to be about 30% of the measured value) was
not considered.

It is probable that the measured concentrations from
the Academy samples more accurately represent the
TRU’s in the material below ground in the crater and
above ground, exclusive of the contents in the center
hole, than the estimates made from the field measure-
ments (U.S. DNA 198 I ) during the cleanup. Based on
these measured values, the mean TRU inventory below
ground would be 34 GBq and above ground the inven-
tory would be 50 GBq, exclusive of the amount associ-
ated with the fill of the center hole. Interestingly. thle
mean concentrations of 0.62 Bq g L and 1.3 Bq g ,
respectively, in the crater and dome soil, shown in Table
3, are less than the post cleanup average TRU levels
(U.S. DOE 1982) measured in surface soils ( I–3 Bq g 1)
on many of the northern islands such as Alice, Belle,
Clara, or Daisy (see Fig. I). These islands satisfy cleanup
criteria where the Enewetak people can visit and gather
food.

The average concentration of ~-~’}+‘JOPU found in
solution within the containment structure is tipproxi -
mately one-half the value found in the crater seawater
before the crater was filled with debris. Comparing the
soluble water concentrations in Table 5 with the levels in
water from Table 2 shows that the fill lowered the
concentration of plutonium (and TRU) but also caused a
si nificant increase in the dissolved concentrations of

$i‘~ Cs and ‘OSr. Therefore, if leakage of crater material
were to occur through the groundwater uquifer, 1J7CS
would be a better tracer for this source of water since it
is released to and moves in solution more readily than the
TRU’S.

Concentration of radionuclides in samples from the
surrounding environment of North Runit

Groundwater and off-shore seawater. A ground-
water program was initiated at Enewetak Atoll in 1974 to
study the hydrology and groundwater geochemistry on
selected islands of the Atoll including Runit. Groundwa-
ter from 2 well sites (XRU 5 and XRU 6) between the



Radio~ictive wa\Ie disposi~ltit Enewel;ih Atoll ● V. E. NIJStiKIN ,~NII W. L. R[)IIISCJN 241

Table 4. Description of materitil and plutonium in s:~mplcs from interior sections of the dome,

Mc~m 3’”’ 24”PU (Bq g ‘)
in extracted soil $tinlpleh

Depth (111) drill hole
Description of

Under Dome smnnle nlflleri~tl” CD-1 CD-12 CD-17

()

1

2

3

4

5

6

7

x

9

I()

II

]~

13

14

15

16

()

().43 Dome cap

[,41

~Tnceln~n[c~,lle~iL1lT)- 1.?2 1.7[)

fine soil-cenlcrlt

(),37

3.8 I .37 (),74

Oversile nlziteritil
cobble, limbs, wire, rehilr

5? dome till ab{lvc this depth find cmter fill
below,

(). t 5-M ]~yers of
puor]y ccmcnted trernie ().()6

6.7 with uncemenled soil (),19

7.3 O\,ersize debris ;md cobble

().44 ().23 [).55

Ltiyers ot’ poor to nlodcr:lte
cemented trcmie und soil. ().78
cnbhlc. rehor, wood

9.8 (),2X ().4 I

Soil, wood, minor grdvel -
size tremie

11.3 ().()()5 ().59

Fallbtick m~!terifil helnw thi\ depth. Original crtiter sediment

().()56

().41

().()08

15.8 (),()()8

Bottom original crntcr

“Descriptiono t’material incorehole CD-t asprovided in NAS(1982). Radi()l()gical d&ltafr()nl R{)hist~n and N()shhin(l Y8l).
‘Measured concentr’ation is indicated within depth inter\’al sampled,

crater and the lagoon were regularly sampled between
1974 and 1979. Some of our early results on radionuclide
concentrations in Runit groundwater have been discussed
previously (Noshkin et al. 1976). The well sites were
destroyed during cleanup operations sometime between
April and October 1979, but they were replaced by DNA
in March 1980. The two new wells were identified as
CW 1 and CW2. CW 1 is approximately 5 m from the
base of the dome near where XRU 5 was located, and
CW2 is 15 m lagoonward of the base near the site of
XRU 6. Since there was a small but perceptible ground-
water flow in the region towards the lagoon, it was felt
important to tnonitor the surface water for any changes in
radionuclide concentration. Water was sampled during

trips to the Atoll from 1980 to 1984 and again during the
1990’s. Average concentrations of 239‘240PU and 137CS
in groundwater during ~:riods of pre- and post-cleanup
are shown in Table 7. Cs measurements are included
because it is more mobile than plutonium and is therefore
a better indicator of any leakage from the crater site.

Seawater was sampled from the lagoon 50-100 m
opposite well CW2 in approximately 8 m of water. We
designate this location as station CL-I. Station Cl-1 was
the location where the research vessel usually anchored
in the lagoon near Runit, approximately 400 m from the
shore directly west of the crater. Water samples were
routinely obtained from this location before and after the
cleanup. On several occasions seawater was sampled in
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~dble 5. Ctjnccntrati[m of radi{]ntrclides metisured in water fr(ml 2 levels in drill hole CD-1: 3/2X/X()( Bu m “)

CD- I depth\ SOlllplCd (m) “<’ ‘ ““PU .s V:ilue 22 ‘ Am I 37~\ ““Sr
7,6–8.2
Solution” (<().45 micrun) 2.1

Ptirticulatc (>().45 micrml) I .6
x lo”

8.2-().7
Sululi(]n (<().45 micr(m) I .5

Purticulatc (>().45 nlicmn ) 4,2
x 10”

().()1)7 ().2(1 10.() 1.1
x 10” x 104

(),()9() I ,6 2.9 x 103 3.()
x 10” x 10”

().()(1x .:(),1 X,4 x 10” 1.3
x IOJ

().()$fr 3.3 8.() x 10” 8.5
x 10% x 10”

Table 6. Mefin tictivity c)(’r~dionuclides meosured in soil c{)rc
sumplcs exlmcted fr[)tm the dome find crater by the NAS in 1980.’”

Bq g ‘ dry wt

R:idimluclidc D(nneh CrJtcr”

‘ ‘<’‘“’)Pu 1.13 t ().41) ().35 t ().25
‘J’Anl ().15 t ().()6 ().23 t ().4X
T~lt:il TRU (cstim~tc from S v;tluc in wtlter) 1.30 ().()2
‘“c, (),34 t ().23 (),3+ t (),34
““sr ().71 t ().45 ().x I t ().6()

the lagoon in the area of the bretik in the reef north of the
crater. A summary of the concentrations of ‘~’)’ ‘40PU
and ‘37CS tneasured during different periods in the
filtered seawater satnples from these three locations is
shown in the lower section of Table 7.

Results in Table 7 show there has been essentially
no chtinge in the concentration of ‘s”’ ‘40PU or 137CS in
the surface groundwater from the two well sites. Of’
significance are the results in Fig. 3 showing changes in
surface groundwater salinity. Prior to capping the crater,
the groundwater (XRU-5 and 6) at these sites was alwtiys
brackish and had essentially the salinity of seawater.
Rainfall itnpacting on the cement dome results in quan-
tities of freshwater runoff that alters the groundwater
quality as is evident from the change in water salinity tit
CW- 1 and 2. Before cleanup, the beach tireti lagoonward
of the crater was barren of’ vegetation (see Fig. 2a). Now
the well sites are overgrown with scrub vegetation and
ground cover because of the added fresh water supplied
by runoff to the area.

The results shown in the lower section of Table 7
indicate a reduction over time in the amount of dissolved
‘-~y‘ 2~OPu in the offshore surface seawtiter. The reduction
was tnost notable in the water immediately offshore the
crater (CL- I). The ‘-~”+240Pu concentration in seawater at
the station most distant from land was similar to mea-
surements in previous years (CI - 1). All concentrations
are lower than the levels in the groundwater from the
lagoon well sites near the crater that were sampled during
compar~ble times. The water data suggest that the pres-
ence of the dome structure has apparently acted to restrict

rather than increase transuranic movctnent from the
crater to the lagoon.

The present tne~n concentration of 1‘7CS in the
lagoon surface water off the crater is tnany times lower
than the groundwater levels in CW- I and 2 and is now
only twice the value of “global fallout” levels found in
California Pacific coastal surFdce waters (Wortg et al.
1992) in the late 1980’s. It is now comparable to the
surface concentrations found in California surface wtiters
during the late 1970’s (Noshkin et al. 1978). There has
been no evidence of cha~$e in the nearshore Itigoort
seawater concentration of Cs during the last 16-18 y
that could be attributed to any major leakage of from

material contained under the dome.

Concentrations in edible flesh of reef fish. The
purpose for collections and analysis of specific radionu-
clides in fish, and in particular plutonium, changed over
the years. In the 1970’s we were tasked with comparing
the levels of radionuclides in tissues of different species
of fish from different locations. As the program pro-
gressed, dose ~sscssmcnt bccamc the more important
issue. This focused our tittention on the analysis of the
edible tlesh from the different species. More than 2.()()()
fish have been collected from Encwct~k Atoll for radio-
nuclide unalysis since 1972, Each fish was dissected and
the tissue and organs of the species from the same catch
were pooled for tintilysis, It was necessary to pool tissues
from u particular catch for tinalysis because of the low
concentrations of transuranic r~dionuclides encountered
in edible muscle tissue and sotne other parts of the fish.

Differences cncountcrcd in the concentration of any
radiortuclide in the flesh are found to relate to fish species
and size: the location where the fish are caught; feeding
habits: concentrations in the material ingested; and tro-
phic level. Some of these relationships are demonstrated
with the 137CS data in different reef fish from Runit
Island shown in Table 8 (Noshkin et al. 1997). The fish
described in Table 8 were all caught using throw nets on
the lagoon reef near or north of the crater. Data for 2
species of mullet tire given along with concentrations in
flesh of surgeonfish and goattish, all used in the local
marine diet by Marshallese people. Mullet arc herbivo-
rous and detritus feeders. Considerable quantities of
bottom sediment are ingested along with food. Adult
mullet belong to the 2nd trophic Ievcl. Surgeontish are
herbivorous browsers, feeding on algae fronds and filu-
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Table 7. Cc~nccntrtiticm ut’ rtldi{}nuclidcs in filtered surluce gruundwater t’rurn 2 wells Iagoonword” [Jt the crater :md in
lagc~~)nsurluce se:lwatcr nff-shore Nt~rth Runit Islurrd. ‘‘7Cs (d) mean c(>ncentrati(m decay cnrrected to I/l 996. Values
in p~renthcsis tire number (JJ samples ai,erfiged. C(>ncentr~tiuns t~nly in filtered (().45 micron) surface groundw:]ter or
Itigoon water.

Bq nl ‘

Yeiir\ sampled Cirtlundwatcr WCIIS 2‘<’‘24(’P11 ‘“c, ‘“c\(ll )

I975- I979 XRLI 5 & 6 nlcun 3.3 (x) 6(,7 (8) 430
(prc disptl\Jl ) rdllge (),4–8.{) 74-3,(K)()
i 9N()- 1984 CW I & 2 nlckln 3.2(10) ~,)() ( ]()) 64( )
(ptlil dispt)s~il) I-lulgc ().~)-9.ri
[yc)~

40-2,260”
C’W I & 2 rnc:ln 3.3 (2) 555 (2) 560

(pusl disp{)\tti ) rfinge 2.64, I 370-740”

I<lg{lon sc;lw~~ler
(3 \l:iti(ln\ 70400 n) (~i”t’~hore N. Runil )

1975- 197~) nle:ln 2.5(i4)

( pre dlspos~il )
10(9)

r:lngc ().94,4 8–~~

1980-1984 nlet]n 1,8 (1)) lq(~)

(pt)s~ dispc)\lil ) rtlngc ().6–2.6 I()-2()
1l)g~ mc:ul ().7 (3) 10(3)
(post disposiil) l-:ulgc ().7-( ),8 6-14

10

14

I()

Fig. 3. Salinity in the surface groundwtitcr i’rum 2 wells Ioctitcd
lag(>c~nwordof the cruter.

mentous algae, This species is in the 2nd trophic level.
The goatfish consume fossorial as well as surface benthic
fauna including small clams, crustaceans, and small
benthonic fish and belong to the 3rd trophic level
(Noshkin et al. 1981a). The surgeonfish contain higher
levels of 1-37Cs in the flesh thtin either species of mullet
or the goatfish. Surgeonfish are more territorial where the
mullet and goatfish move in schools to different loca-
tions. The concentration in surgeonfish decreases with
time, but no such trend is evident in the data for mullet or
goatfish. The concentration of 137CS is similar for mullet
and goatfish and is essentially below the detection limit
in flesh from the fish caught in the 1990’s from this
region. These differences in muscle concentration relate
to the feeding habits of the fish.

Fig. 4 is from Noshkin et al. 997 and shows a
semi-log plot of the data in Table 8 for surgeonfish from
North Runit and two additional data points for these fish
caught from different locutions of the island. One sample
was from the ocean reef approximately at mid- islund and
the other group of surgeonfish was caught in the lagoon
from the southern tip of the island. These results dem-
onstrate there tire differences related to location sampled
even on the same island. The reef fish are territorial and
reflect the concentrations in the local environment from
which they are caught. The results of repeated sampling
of surgeonfish from N. Runit lagoon show a steady r~te
of decline in concentration with time. This suggests that
the data can be used to estimate the change in availability
of ’37Cs to this species from the local environment. The
best fit to these data yields a slope related to an effective
decay constant of (). 104t .()12 y -1 with a correlation
coefficient of ().88. The physical holf life of 1~7Cs is 30 y.
The computed environmental half-life for 137CS in the
lagoon near N. Runit is therefore 8.63 1.() y. More on the
environmental half-life in fish will be discussed in
another paper in this volume (Noshkin et al. 1997). The
important feature to note is that in recent years the levels
in fish indicate no increase that could relate to leakage of
137CS from the material under the dome.

The rate of ‘3” i ‘~()Pu disappearance from the envi-
ronment does not follow that of 137CS because the
geochemical behavior of the two radionuclides is signif-
icantly different. Between 1972 and 1978, the concen-
tration of global fallout ‘J’)’ 2J(’Pu in surface water of the
north equatorial Pacific ocean was equivalent to or less
than ().0 14 Bq m--~ (Noshkin et al. 1987). Table I shows
that the mean lagoon concentration of ‘~” +‘doPu during
any year is much greater than fallout background in the
Pacific ocean. The difference between the average solu-
ble concentration measured during the different periods
indicated is not considered significant, and the ussump-
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Table 8. Concentration of ‘]7Cs in the flesh of four species of reef fish caught in the lagoon off North Runit Island.

‘‘7CS(Bq kg ‘ wet wt~’

8/64’ 5~,(]

11/78 1.()(2) 14.4 (2)
9/80 ().58 (4) 0.35 (5) ().64 (4)
9/80 (),26 (8) 1.()(3) 7,94 (2) 1.4[ (2)
7/8 1 0.52 ( 12) 9.67 (2) 1.9(7)
6/82 ().66 (20) 9.11 (2)
8/83 ().67 ( 18) 1.1 (5) 5,42 (3)

1[/93 8.07 (14) ().54 (60)
2194 1.6 (50) 4.73(11)
2194 1.4 (60) 4.52 (6)
I 1194 1.70 (30) <1
st95 <1 1.83 (35) <0.4

5/95 1.93 (1[) <1
4/76 Ocean reef-mid isltind 1.6(5)
9/80 Lagoon south tip of islund 1.7 (3)

“ Numbers in ~arenthesi\ are the I-sigmti counting error ex~ressed ils percent of the listed value.
h Result from ‘Wel~nder et al. ( 1967):

I00

1 D. ..

01’ ,,, ,, ,,

Jan-58 18..63 Jan-68 J.11-73 Jan-78 Jan-83 J&n-88 Jan-93 Jan-98

Collect<.. Date

Fig. 4. ‘‘7CS concentmtions in the flesh of Surgeonfish collected
over time from Runit Island.

tion is made that the standing average amount of pluto-

nium mobilized to the lagoon water mass from the Atoll
sediments, at any time, is constant. Highest concentra-
tions are generally found in the NE and NW quadrants of

the lagoon and lowest levels are generally found in
seawater from the SE quadrant. Steady state conditions
have been established for 239+ 240PU partitioning from the
sedimentary reservoir to solution. Between 1972 and
1982, the average “soluble” 23Y+240PUwas 0.74 Bq m-3.
The quantity in solution represents only a small fraction
of the inventory associated with the sediment. Unlike
137CS, the mobilization of 239+240PU is a slower process.
A similar mean concentration is expected to persist in the
lagoon through the remainder of the 1980’s and 1990’s.
Because the physical half-life of 23’)+240PU is very long,
it is therefore anticipated that the mean concentration of
the radionuclide in the flesh of fish from different
locations will relate to water levels and will also be
relatively constant over time.

Table 9 shows the islands and other locations in the
lagoon where reef and pelagic fish were caught since
1972 for plutonium analysis. The islands can be located
by referring to Fig. 1. Table 10 shows the in normal and
geometric (median) mean levels of ‘3’)+‘JOPU in flesh of
all reef and pelagic fish species collected durin different
intervals from regions of the lagoon. As with I& Cs, there
are differences encountered among species with different
and similar feeding habits and locations sampled. In
general, the level of ‘3’)’ ‘~OPu found is higher in reef
species and lower in pelagic fish. Among the reef fish
caught at the same location, the flesh of mullet generally
has higher concentrations of plutonium than surgeonfish
or goatfish. Fewer samples have been processed for
‘41Am, but the median concentration in samples of flesh
from fish from different locations sampled between 1976
and 1982 was 0.0024 Bq kg- 1 wet wt. The median
concentration best reflects the “average” value in fish but

Table 9. Fish collection locations at Enewetak Atoll.

Island or location ID Name LIS Desigmitor

E-2
E-9
E-10
E-19
E.20

E-24
E-33
E-35
E-36
E-37
E-38
E-39
E-43
E-45
E-53
E-54

Bokombako
Bokerr
Enjebi
Aomrm
Bijile
Runit
Japtan
Medren

Enewetak
[kurcn
Mut
Biken
Drekatimon

Belle
Irene
Jtinet
sally
Tildu
Yvonne
David
Elmer
Wfilt

Fred
Glenn
Henry
Leroy
Remoins-Oscar Tower
Wide Pass
Deep P~s\
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Table 10. Summary of 2][” 240Pu concentrations (Bq kg ‘ wet wt) in the flesh of reef ;md pelagic fish collected from
islands ~nd other locations in Encwetak Atoll.

Before cleanup cmnpleted

Fish fronl 5 isliurds (E-2, E-9, E-l (), E- 19, E-20)’” North und West o! Runit (E-24)
Peri{ld Smn~le\ Number of fish In n me:m Geotnetric me~n

1972–1978b ?1 4X3 ().22 t I .22 0.039
1976-1978 10 464 ().()19 t (),()3() ().()I()

Fish f’mm Ruuil
(E-24)

Period
1972-1978’1 9 1~y 0.089 t (),2X ().()27
1976-1978 6 123 0.()()9 + ().()()6 ().()07

Fish from 6 islands (E-33, E-35, E-36. E-37, E-39, E-43 tind ptisscs)” South and West of Runi( (E-24)L
Period
]97~_l 97 X., 26 170 ().()74 t ().?8 0,019
1976–1 978 6 156 ().()()3 t ().()(M ().()()2

After Cleanup Completed

Fish from 4 isl:u]ds (E-2, E-9, E- I(), E- 19)” :Ind tower rem;iin~ (E-45) Nnrth tind West of Runit (E-24)
Period
I~)80- 1995 27 34 I ().()()7 t (),016 ().(M)3

Fish t’rorn Runit
(E-24)

Period
198(LI 995 j~ 819 ().()()9 t ().()I4 ().()()5

“ Island n[~tnes ~rc identified in Tfible X and Ioctttion$ ;\re shown in Fig. 1,
b Dotu for Ilesh in 1972 survey con~idered \u\pcct und are irrpplicd in this summary for cnrnplcteness :]nd information only.
‘ No fish were collected from the southern i~lund~ ;tfter the clc;lnup bcc~~usc of rese[tlenlcnt.

the In normal mean is shown for information. We tend
not to accept some of the data for plutonium generated
during the 1972 survey (Nelson and Noshkin 1973)
because contamination of the samples is suspected.
However, mean values are also included in Table 10
using these data. This is for completeness and compari-
son if there is disagreement with our assessment on
contamination.

Before the cleanup, the median level of 23’)+240PU in
the flesh of the fish was very low (everywhere only a few
mBq kg– ( wet wt). Highest levels were encountered in
species from the north islands. The mean concentration
was comparable to the average found in all fish from
Runit. Lowest levels were measured in fish from the
southern part of the Atoll. These observations are sup-
ported by the lagoon water concentration data. After the
radiological cleanup, no fishing was attempted from the
southern part of the Atoll because the Enewetak people
were in the process of resettling islands in this region.
Fish were collected from Runit and from islands to the
north during the early 1980’s and 1990’s. Again the
median concentration of 239+‘40PU in the flesh of all fish
from both regions during the periods was comparable.
The mean in the early 1980’s was somewhat lower than
the mean computed from the 1993–1 995 collections. The
93–95 mean value is comparable to the value in fish from
the pre-cleanup years of 1976–1 978. There are many
explanations for finding a lower mean level in fish during
the early 1980’s. In the context of this report it is only
important to note that there has been no significant
change in the mean concentration of plutonium in the

flesh of fish caught in the lagoon near the crater over
time. Concentrations are comparable to levels in fish
collected from islands on the northern reef of the Atoll
during periods before and after the Atoll cleanup exer-
cise. Any TRU’S from material at the disposal site have
not impacted the marine resources in this region.

SUMMARY

Based on 239+240PU concentrations measured in
soils from regions within the dome after it was filled, the
original estimates of the TRU’S buried under the dome
are questionable. The mean concentrations of the TRU,
computed from the core soil sections, are equivalent to or
greater than present mean surface soil levels on several

northern islands (U.S. DOE 1982). These islands are
unrestricted for food gathering. Only 247c of the of
transuranics contained under the dome is in communica-
tions with the groundwater and available for remobiliza-
tion. The TRU in the crater is no more than the quantity
that has been exposed to seawater for years in the
nearshore lagoon sediments off Runit Island. The TRU’S
in the lagoon are in continuous contact with seawater and
are available for u take by marine fish and other organ-
isms. Levels of ,3$ ~Cs In the flesh of some reef fish from
North Runit island are decreasing at a rate faster than
radioactive decay alone. No impact is evident from ]37CS
associated with the debris under the dome. There has
been essentially no change in the mean concentration of
‘s’)+ 2q(’Pu in the flesh of reef or pelagic fish over time.
The concentrations are comparable to levels measured in
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the flesh of fish from other regions of the Atoll that are
caught and used as part of the marine diet by the
Marshallese people. This near constant level in fish is
regulated by the slow release and loss of the plutonium
from the Atoll sediment reservoir.

Our recent data and conclusions support the findings
suggested by the National Academy committee over a
decade ago in that any assumption of r~pid remobiliza-
tion of all or any of the dome’s transuranics is an extreme
one. There is still a presence of TRU’S in exposed soils
of Runit Island, and for this reason the island has been
made off limits. This recommendation should continue to
be respected. Quantities of radioactive material in the
crdter, below ground level, are in communications with
seawater and may be mobilized to solution and trans-
ported elsewhere. However, levels already present in the
sediments and seawater of the lagoon overshadow by
orders of magnitude the amounts found under the dome.
Concentrations of transuranics in fish are no different
now than pre-cleanup levels found in fish from the local
environment. Therefore, the present and projected low
dose estimates from the marine food chain are little
different from those determined in previous years for
residents of the Atoll (Robison 1973; Robison et al.
1970; Robison et al. 1987). Any fear that this structure
contains amounts of activity whose release would cause
damage to the environment that would result in a greater
effect on human health is unfounded.

A(k/it~\*,/ecf~ntc,r/t.~-The collectimr and publicti(ion t}t’the data in this report
wus made pos\ible through the efforts of a group of peuple tc~onmneruui
t{) list. They include the crews on several Marshall Islands research vessels
and o number of individuals dissociated with Lawrence Livermore Nuticmal
Llhomtory who as$isted in the field cullectimrs :md sample processing over
three decades. The work was perfurmed under the i~uspices of’ the U.S.
Deptirtment c~fEnergy under ccmtmct number W-7405-Eng-48.
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